Microvascular dysfunctions in diabetes are due to abnormalities in small blood vessels, and particularly affect the retina (diabetic retinopathy) and the kidney (nephropathy).[@ref1] It is equally important to consider the acute phase response, which is a dynamic homeostatic process that involves all the major systems of the body in addition to the immune, cardiovascular and central nervous system. Normally, the acute phase response lasts only a few days. However, in cases of chronic or recurring inflammation, an aberrant continuation of some aspects of the acute phase response may contribute to the underlying tissue damage that accompanies the disease, and also leads to further complications. Acute phase reactants have a wide range of activities that contribute to host defense; they can directly neutralize inflammatory agents, help to minimize the extent of local tissue damage, as well as participate in tissue repair and regeneration. Changes in these acute phase reactants are not specific and the non specific nature of the response means that individual proteins are rarely helpful as an aid in diagnosis; though some like C reactive protein have been strongly associated with inflammatory response.[@ref2]

Levels of acute phase reactants have been found to be elevated in adult diabetes,[@ref3][@ref4] but normal in childhood diabetes,[@ref5] suggesting that the increase could be related to the occurrence of microvascular dysfunctions rather than the diabetes per se. Studies have shown increased levels of acute phase markers in nephropathy and also in patients with microalbuminuria.[@ref6][@ref7] Increased C-reactive protein (CRP) was observed in Diabetes mellitus.[@ref8] Fibrinogen was reported to be associated with both cardiovascular risk and nephropathy in type 1 and 2 diabetes.[@ref9][@ref10] Hyperfibrinogenemia was reported in Nigerian diabetics, although there was no sufficient evidence to suggest its role in organ complications. Diabetic patients were also reported to have a higher lipoprotein (a) \[Lp(a)\] than non diabetic persons.[@ref11]--[@ref13] However, data on the status of Lp (a) in Nigerian diabetics is not substantive. Serum beta 2 microglobulin (β2MGB) levels in DM have not been well documented, though the pathophysiology of this acute phase reactant with regards to organ complications is still obscure. An intriguing report had earlier suggested a clinical importance in decreasing this protein.[@ref14] The implication of the changes in the pattern of acute phase reactants in DM with microvascular complications is poorly understood. The aim of this study was to evaluate the dynamics and magnitude of these acute phase reactants in various microvascular dysfunctions of type 2 DM. We also sought to assess the predictive values of APRs and other clinical variables for microvascular complications.

Methods {#sec1-1}
=======

This was a case control study carried out at the Diabetes Centre of the Lagos State University Teaching Hospital, Ikeja, Lagos State, Nigeria. A total of 200 subjects with type 2 DM and 100 healthy age and sex matched individuals served as controls. The control subjects were volunteer staffs of the hospital and were screened for DM by having them subjected to fasting plasma glucose and glycosylated hemoglobin tests. Venous samples were collected from the antecubital fossa of all the subjects after an overnight fasting (10-14 hours) in a sitting position. Duration of the illness was grouped into early stage (1-5 years) and late stage (greater than 5 years). The DM subjects were being managed with oral hypoglycemic agents and diet at the time of study. The subjects were further subdivided on the basis of presence or absence of microvascular complications. Dip stick urinalysis was carried out on all subjects as well as controls to rule out infective proteinuria when their urine tests were positive for nitrite and leucocytes. Elevated serum urea and creatinine in addition to proteinuria and clinical presentation was used to categorize DM with renal failure due to diabetic nephropathy. Neuropathy was established using the diabetic neuropathy symptom score, using a cut-off point of 3.0.[@ref15] This was based on the ability to respond to three of four questions, which includes queries about numbness to the feet or legs, pricking sensation of the feet or legs, burning or aching of the feet or legs, gait problems and pain. Retinopathy was observed in those with dilated fundus examination. Ethical approval was received from the Ethics and Research Committee of Lagos State University Teaching Hospital. Consent of the patients was gotten through the aid of a well structured questionnaire before the commencement of the study.

Fasting blood samples were collected into tubes containing fluoride oxalate, lithium heparin, EDTA and citrate anticoagulant. Other exclusion criteria for both subjects and controls included those on immunosuppressive drugs, those with systemic diseases, those on steroids, those with malignancies, heart failure patients, pregnant women, and those who were undergone surgery recently. Excluded subjects were also those with malaria parasite and those positive for rheumatoid arthritis.

Biochemical analysis: C-reactive protein, beta 2 microglobulin and Lp(a) was measured turbimetrically, while fibrinogen estimation was done using clot weight method of ingram.[@ref16] Glucose was determined by the glucose oxidase method.[@ref17] The elevated Lp(a) was defined as serum levels above 30 mg/dl,[@ref18] high CRP as levels above 3 mg%[@ref19] And hyperfibrinogenemia as fibrinogen levels of 0.35 mg/l.[@ref20] Elevated β2GMB levels was defined as serum levels above 3 mg%.[@ref14]

 {#sec2-1}

### Statistical Analysis {#sec3-1}

Data were analyzed using SPSS software version 15 and Epi Info. Independent student\'s t-test and chi-square were used to compare groups. Within groups and between groups comparison was done using analysis of variance (ANOVA). Quantitative data are expressed as mean ± standard error of mean (SEM). Probability values of less than 0.05 were considered to be statistically significant (p \< 0.05). Logistic regression analysis was used to predict outcomes.

Results {#sec1-2}
=======

The mean duration of DM in the study subjects was 6 ΁ 0.59 years ranging from 0.1 to 10 years. The mean age of the DM subjects (57.7 ΁ 0.76 years) and controls (59.6 ΁ 0.89 years) was comparable (p = 0.8) and the female-male ratio in both was 2:1. The DM free controls had fasting plasma glucose and glycosylated haemoglobin less than 100 mg% and 5.7% respectively.[@ref21] The level of acute phase reactants in diabetic subjects were significantly higher than those in control group ([Table 1](#T1){ref-type="table"}).

###### 

Comparison of acute phase reactants, serum urea and creatinine levels of type 2 diabetic patients with control subjects.
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The prevalence of microvascular complications in the 200 diabetic participants were as follows: retinopathy 20% (n = 40), neuropathy 31% (n = 62), nephropathy with renal failure 1% (n = 2), and foot ulcers 7.5% (n = 15). Within group and between group analysis using one way ANOVA showed that increased levels of the acute phase reactants were observed in DM subjects with microvascular complications in contrast to those without microvascular complications as well as the controls, except for beta 2 microglobulin ([Table 2](#T2){ref-type="table"}). The acute phase reactant concentrations were observed to be lower in DM with shorter duration of illness (less than five years) when compared with those of longer duration, except CRP (10.04 ± 1.22 Vs 7.94 ± 1.50, p = 0.285). Using relevant cut-off points where applicable; retinopathy was detected in 78% and 53% of subjects with elevated Lp(a) and CRP, respectively; neuropathy was seen in 68% of subjects with elevated CRP and presence of foot ulcers was observed in 77% of participants with elevated β2 MGB ([Table 3](#T3){ref-type="table"}).
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Comparison of diabetic patients without microvascular complications, diabetic patients with microvascular complications and control subjects.
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###### 

Prevalence of elevated acute phase reactants in various microvascular complications.
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The proportion of DM patients with good long term glycemic control as reflected in their glycosylated hemoglobin was 68% while 32% had poorly controlled glycemia. Logistic regression analysis of the APRs with various microvascular complications showed that Lp(a) only predicted retinopathy in those with good glycemic control (odds ratio = 1.065, 1.005 to 1.128 95% confidence interval, p = 0.03) as well as in those with poor glycemic control (odds ratio = 1.073, 1.015 to 1.134 95% confidence interval, p = 0.013). The duration of DM also predicted development of foot ulcers (Tables [5](#T4){ref-type="table"} and 6).
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Logistic regression analysis of acute phase reactants in type 2 DM with good long-term glycemic control (HBA1c \< 7%) and various microvascular complications
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###### 

Logistic regression analysis of acute phase reactants in type 2 DM Patients with poor long-term glycemic control (HBA1c \> 7%) and various microvascular complications.
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Discussion {#sec1-3}
==========

In this study, the APRs of type 2 DM were all significantly higher than the control group and the concentrations were higher in complicated DM, except for β2MGB. Increased level of CRP observed in this study was in agreement with previous report.[@ref22] This is indicative of inflammation and tissue damage. Hyperfibrinogenemia observed in Nigerian Diabetics is in consonance with some previous studies.[@ref23][@ref24] The adverse effect of this may lead to an imbalance in homeostatic mechanism and may further degenerate to a hypercoagulable state. In addition, elevated Lp(a) levels could be a pointer to cardiovascular predisposition, which conveys the impression that these patients are more prone to atherogenesis than the control cases. This molecule carries a protein that may deter the body\'s ability to dissolve blood clots and it is under investigation as either a marker or cause of heart disease. Lp(a) appears to be poorly cleared from the plasma and is strongly and independently associated with atherosclerosis.[@ref25] The homology of Lp(a) with plasminogen has led to the hypothesis that it somehow interferes with plasminogen activation and thus impairs fibrinolysis.[@ref26] Until recently, much interest has been focused on Lp(a), which is a complex lipoprotein consisting of lipids, carbohydrates and two larger apoproteins, (b) and (a).

CRP demonstrated a positive relationship with fasting blood glucose. This in comparison with other APRs responded earlier to the glucotoxic microenvironment created in DM. The duration of DM did not affect the pattern of expression of the APRs, only CRP was observed to be insignificantly elevated; this may be as a result of being an early marker of inflammation. This was in contrast to other APRs which could thus be regarded as the late inflammatory markers.

Of importance to note is that these APRs may be strongly linked to the pathogenesis of organ complications in DM. Lp(a) levels was observed to be significantly raised in diabetic patients with retinopathy. This observation agrees with previous study by Khare et al.[@ref27] Increased advanced glycation end products may account for the increased risk of diabetic complications in patients with higher Lp(a) values.[@ref28] A recent study showed that the levels of APRs correlated with the number of microvascular complications; however, their study did not look at retinopathy but at microvascular complications in general.[@ref29] In this research, a detailed study of APRs was made and thus was able to also observe increased CRP in diabetic neuropathy with a percentage of 53%, increased β2MGB in foot ulcers (67%) and elevated Lp(a) in retinopathy (72%). β2MGB has been found to be associated with falling CD4 count in HIV seropositive individuals, suggesting a close association with suppressed immunity.[@ref27] Increased activation or destruction of lymphocytes raises β2MGB levels. Since β2MGB is essential for the expression of major histocompatibility complex (MHC) antigens, its stimulation enhances the recognition of bacteria in association with MHC. This could have also being stimulated in response to bacteria which are causative agents in most foot ulcers, and may thus be very vital in combating infectious agents. Our observation agreed with a previous study which observed circulating levels of APRs to be associated with amputation risk of diabetic foot ulcers and thus could aid clinicians in the management of diabetic foot syndromes.

Logistic regression analysis was carried out to evaluate the possibility of using acute phase reactants and other clinical variables in predicting the future development of microvascular complications in DM patients yet to have microvascular complications. This was assessed in DM patients with good long-term glycemic control (HBA1c \< 7%) as well as in those with poor long-term glycemic control (HBA1c \> 7%). The independent variables entered into the model included the acute phase reactants, sex, age and duration of illness, while the various microvascular complications served as the dependent variables. In this study, Lp(a) only predicted retinopathy in DM with both good and poor long-term glycemic control. It should be emphasized that in addition to Lp(a) being an independent indicator of the risk of vascular disease development,[@ref30] increased levels of this protein proved to be a strong predictor of retinopathy in DM patients as observed in this study. The level of Lp(a) is genetically determined, and when elevated, cannot be lowered by alterations in food intake or by most of the cholesterol lowering agents.[@ref31] This entity could also contribute to the genetic predisposition of some DM patients to complications regardless of good glycemic control.

It was noted that age had no relationship with the occurrence of microvascular complications; rather the duration of the illness that predicted the future development of foot ulcers. This may be secondary to sensory neuropathic changes. Every part of the peripheral nervous system is vulnerable to diabetic involvement. Minor reversible damage can be identified early while late complications as manifested by numbness (anesthesia) and abnormal sensation (paresthesia) and leading to foot ulceration is very common.[@ref32]

Conclusion {#sec1-4}
==========

Increased levels of APRs correlate with a number of microvascular complications and may play a role in the pathogenesis.
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